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Hatfield Model release 3.1
Purpose of the Model

e Estimate TELRIC costs of:
- Unbundled Network Elements

- Basic Universal Service

e Model can be used:
- as basis for pricing unbundled network elements

- to determine subsidies needed for universal service



Hatfield Model release 3.1
What has changed?

HM 3.1 Features

e Refined methodology

e Refined inputs

e Refined outputs

e Refined execution

I·
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Hatfield Model release 3.1
What hasn't changed?

HM 3.1 continues to feature:
• Consistency with economic principles set forth by the FCC

and state regulators

• Forward-looking, economic network configurations,
technologies, and costs

• Support of voice and narrowband services, not broadband.
serVIces

• Consistent calculation of Universal Service and unbundled
network element costs

• Choices of user-definable inputs

I'



Hatfield Model release 3.1

The model does not design a "fantasy" network:

e It assumes that all central office locations remain
where they are now placed

e All plant engineering designs reflect Bellcore and
other industry standards

e The LEes have been building plant using similar
specifications for the past decade



Hatfield Model release 3.1
Methodology Refinements

e Additional density zones (9 vs. 6)
- Disaggregation of urban areas

e CBG to wire center assignments based on NPA
NXX analysis -- actual versus "ideal"

e Ability to set structure sharing percentages by type
of plant and density zone

e Treatment of interoffice/feeder structure sharing
by type of structure

L ~ " "_"."" __



Hatfield Model release 3.1
Methodology refinements (cont'd)

e Feeder/distribution network design

e Interoffice network design

e Calculation of switching investments

e Calculation of monthly costs

II
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Hatfield Model release 3.1
Input Refinements

_ Demographics
- Type of residential living units

- Business line estimates reflecting different industries

- Amount of empty area in CBGs

_ State labor-rate adjustments

e Additional user-adjustable inputs

e Revised default values

II



Hatfield Model release 3.1
Output refinements

e Results displayed by density zones, wire centers,
and Census Block Groups

e Improved formatting of standard output reports

e Breakout of Digital Loop Carrier (DLC) and nOD
DLC loops

L . ------------------
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Hatfield Model release 3.1
Nationwide Results - NID and Distribution

0.5 5-100 100-200 200-650 650-850 850-2550 2550-5000 ooסס5000-1 OOסס1<

Loop "emenls lineslsa mi lineslsa mi fines/sa mi lineslsa mi lines/sa mi tines/sa mi lines/sa mi lines/sa mi tines/sqmi Totals

MID
Annual Cost NR S tl.447.903 S 65.051.326 S 16.900.382 S 30.439,734 S 7.827,680 S 42.681,088 S 32,751.830 S 15,435.115 S 7.178.984 $ 229,714,042

R $ 5.075.336 $ 63.300,323 S 30.106,025 S 73.315,918 $ 24,713.706 S 189,049,981 $ 186.394,455 $ 126.109,365 $ 121.910.877 $ 819,975,985
total S 16.523.240 S 128.351.649 $ 47.006.407 S 103,755.652 $ 32.541,386 $ 231,731.068 S 219,146,285 $ 141,544,480 $ 129.089,861 $ 1,049.690,027
Unit Cost/month S 063 S 055 S 051 $ 0.50 S 0.50 $ 0.50 $ 0.51 $ 0.49 S 0.45 $ 0.50

Loop D11b1butlon (DLCI
ArnIaI Cost NR $ 539.247.213 $ 2.339.223,011 S 399,733,458 S 484.468,296 S 78.463,347 $ 295,536.551 $ 125,065,031 $ 41.385.715 $ 12,203,558 $ 4.315,326,179

R $ 274.447.567 S 2.588.076,411 $ 907,900,724 $ 1,542.313,030 $ 360,131.262 $ 1,812,731.797 $ 1,051.005.295 S 490.037,285 $ 207.334,036 S 9.233,977,407
total $ 813,694,780 S 4.927.299,422 $ 1.307,634.181 S 2.026,781.326 $ 438.594.608 S 2,108,268.348 $ 1,176,070.326 S 531.423,000 S 219,537,593 S 13.549.303.586
Unit CostImonth S 3284 $ 2150 $ 14.97 $ 11.39 $ 8.77 S 6.80 $ 4.97 $ 4.30 $ 3.75 $ 10.44

Loop DIlbibullon Inon-DLC)
ArnIaICost NR S 65,622.083 S 22.235,995 $ 35.966.622 $ 113.352,733 $ 33.906,175 $ 192,512,250 $ 147,218.345 $ 71,045,301 $ 37,506,302 $ 719,365,807

R $ 18,112.231 $ 13,140,589 $ 23,385,784 $ 155,326,587 $ 76,887.578 $ 685,690,074 $ 731,492.753 $ 565,322,525 $ 673,016,420 $ 2,942.374,541
total $ 83,734,313 $ 35.376,584 S 59,352.406 $ 268,679.320 S 110,793,753 S 878,202,324 $ 878.711.098 $ 636,367.826 $ 710.522.722 S 3,661.740,348
Unit Cost/month $ 5568 $ 1624 $ 12.40 $ 9.25 S 7.35 S 5.83 S 4.51 $ 3.91 $ 3.09 $ 4.63

Loop Dllb1but1on IIIII
Annual Cost NR S 604,869.296 S 2.361,459.006 S 435,700.080 S 597.821,029 S 112.369.522 S 488.048,801 S 272.283,376 S 112.431.016 S 49,709.860 $ 5,034.691.985

R $ 287,185,689 $ 2,568,855,861 S 915.130,962 S 1.672.402.223 $ 430.953,240 $ 2.464,162,584 $ 1,763.120,948 S 1,048,280,275 $ 879.061.549 $ 12,029,153,330
total S 892,054.985 $ 4,930.314,867 S 1.350.831.041 $ 2.270,223.252 S 543,322.762 $ 2.952,211,384 $ 2.035.404,324 $ 1,160.711.291 S 928,771.409 S 17,063.845,316
Unit CosUmonth S 33.94 S 21.31 $ 14.66 S 10.96 S 8.35 $ 6.41 $ 4.72 $ 4.05 $ 3.22 S 8.17
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Hatfield Model release 3.1
Nationwide Results - Concentrator

0-5 5-100 100-200 200·650 650-850 850-2550 2550·5000 OOסס5000-1 OOסס1<

loop Iltmlnll lines/sa mi ~nes/sa mi lines/sa mi lines/sa mi Hnes/sa mi lines/sa mi lines/sa mi lines/sa mi lines/sami Tola/s
loop Conclnll1lUon IDlC)
Annual Cost NR S 123.906.093 S 600.506.557 S 137.696.506 S 208.223.189 S 43.656.724 S 204,914,547 S 123.187,188 S 46,662.341 S 14.410,821 S 1,503,163.965

R S 66.122.363 S 661.673.172 S 290.224.354 S 636.623,514 S 186,847,441 S 1,245.152,553 S 1,013.201,539 S 532.743.767 S 254,608.338 S 4.887.197,040
total S 190.028.456 S 1.262.179.729 S 427.920.860 S 844,846,703 S 230.504,164 S 1.450,067,100 S 1.136.388.727 S 579,406.108 S 269,019,158 S 6,390,361.006
Unit Cost/month S 767 S 5.51 S 490 S 475 S 461 S 4.68 S 4.80 S 4.68 S 4.60 S 4.92

loop Conclnll1lllon Inon·DlCl
Annual Cost NR S 635.898 S 399.238 S 585,110 S 2,091,229 S 759.082 S 5.098,693 S 4,555,643 S 2.291.701 S 1,091,076 S 17,507,669

R S 184,441 S 300,372 S 394,275 S 2,737,797 S 1,541,866 S 16,858,632 S 22,246,852 S 18.355.610 S 18.672,263 S 81,292.109
total S 820,340 S 699,611 S 979.385 S 4.829,026 S 2.300.948 S 21,957,324 S 26,802,495 S 20,647.311 S 19.763.339 S 98.799.778
Unit Cost/month S 0.55 S 0.32 S 0.20 S 0.17 S 0,15 S 0.15 S 0.14 S 0.13 S 0.09 S 0.12

loop Conclnll1lUon lilt)
Annual Cost NR S 124,541.991 S 600.905,796 S 138,281,615 S 210.314.418 S 44,415.806 S 210.013,240 S 127.742.831 S 48,954.041 S 15.501,897 S 1.520.671,635

R S 65,787,768 S 629,190,902 S 277,316,662 S 618,256,703 S 184,749.630 S 1.234,607,482 S 1,019.104,748 S 544.463,627 S 268,785.559 S 4.842,263,081
tolaf S 190,329,759 S 1,230.096.698 S 415.598,277 S 828.571,121 S 229,165,436 S 1.444,620.722 S 1,146.847.578 S 593,417.668 S 284,287.456 S 6,362,934.716
Unit Cost/month S 7.24 S 5.32 S 4.51 S 4.00 S 3.52 S 3.14 S 2,66 S 2,07 S 0.99 S 3.05
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Hatfield Model release 3.1
Nationwide Results - Feeder

0-5 5-100 100-200 200-650 650-850 850-2550 2550-5000 5000-10000 >10000
loop .lemlnll IineslsQ mi lineslsQ mi lineslsQ mi IinesIsQ mi lineslsQ m; IineslSQ mi IineslSQ mi IinesIsq mi lineslso mi Tolais
loop Feeder IDle)
Annual Cost NR S 515.450.886 S 374286.847 S 40.980,531 S 53,207,798 S 11,841,240 S 56,848,547 S 34,047,328 S 13,088,866 S 5,712,375 S 1,105,464.418

R S 286.049,128 S 432,193,635 S 94,224,692 S 176,695,496 S 50,386,843 S 339,573,587 S 297,553,567 S 178,869,766 S 105.108.375 S 1,960.655,087
100aI S 801.500.014 S 806,480,481 S 135,205,223 S 229,903,294 S 62,228,082 S 396,422,134 S 331,600,895 S 191,958,632 S 110,820,750 S 3,066,119,505
UmI CostImonlh S 3235 S 352 S 1.55 S 1.29 S 124 S 1.28 S 1.40 S 1.55 S 1.89 S 2.36

loop Fnder Inon-DlC)
AnnuaiCosI NR S 221.710.989 S 12.726,063 S 7,699,047 S 34,055,636 S 14,673,009 S 98,513,127 S 96,147,040 S 55,232,521 S 29,434,329 S 570,191,761

R S 65,830.662 S 17,301,680 S 7,335,494 S 56,056,652 S 34,935,206 S 378,728,198 S 526,854,336 S 474,408,132 S 631,567,511 S 2,193,017,870
lolal S 287,541,651 S 30,027,744 S 15,034,542 S 90.112.288 S 49.608,215 S 477,241,324 S 623,001.375 S 529,640,653 $ 661.001,840 S 2,763,209.631
Unil CosUmonlh S 19122 S 1379 S 3.14 S 3.10 S 3.29 S 3.17 S 3.20 S 3.26 $ 2,88 $ 3.49

loop Fetcler (.11)
Annual Cost NR S 737,161,875 $ 387,012,910 S 48,679,579 $ 87,263,434 $ 26,514,249 S 155,361,674 S 130,194,368 $ 68,321,387 S 35,146,704 $ 1,675,656.179

R S 351,879,789 $ 449,495,315 S 101,560,186 $ 232,752,148 S 85,322.048 $ 718,301,785 $ 824,407,902 $ 653.277,897 $ 736,675,886 S 4,153,672,957
Iolal S 1,089,041,665 S 836,508,225 S 150,239,765 S 320,015,582 S 111,836,297 S 873,663,458 S 954,602.270 $ 721,599,285 $ 771 ,822,590 $ 5,829,329,136
Unit CosUmonlh S 41.44 S 3.62 S 1.63 S 1.55 S 1.72 $ 1.90 $ 2.21 $ 2.52 $ 2.68 $ 2.79

II



Hatfield Model release 3.1
Nationwide Results - Total Loop

II

S 3.378.258.665 S 593.751.763
S 3712.050.040 S 1.308.231.171
S 7090.308.705 S 1.901.982.934
S 3064 S 2064

S 769.656.546 S 139.148.636 S 581.190.785 S 296.505.216 S 106.425,782 S
S 2.399.808.582 S 613.458,017 S 3,501,338,517 S 2,450.916,469 $ 1,250,528,316 S
S 3.169.465,129 S 752,606,653 S 4,082,529,302 S 2,747,421,686 S 1,356,954,098 S
S 1531 S 1156 S 886 S 6.37 S 4.74 $

loop """lnll
Totilloop (DlCI
Annual Cosl

0·5
fines/sq mi

NR S 1.189 223338
R S 630 98-4033
Iotal S 1.820207.427
Un~ Cost/monlh S 69 26

5·100
lines/SCI mi

100-200
fines/SCI mi

200-650
lines/SCI mi

650-850
IinesIsQ mi

850-2550
lines/SCI mi

2550-5000
Iineslsq mi

OOסס5000-1

Iines/SQ mi
ooסס1<

IinesISQ mi

33,925,893
586,564,273
620,490,166

2.15

Tolals

S 7,088,086,675
S 16,453.879,424
S 23,541,966,099
$ 11.27

Total loop (non-OlC)
Annual Cosl NR S 288 797 678 S

R S 84318653 S
lolal S 373. 116.330 S
Unil Cosllmonlh S 248 13 S

36170373 S
31.153500 S
67.323873 S

3092 S

45.809.893 S 156,182.069 S 51,978,621 S 314,914,017 $ 266.467,188 $ 138,715,778 $ 73,611,551 $
32.038.210 S 222.155.804 S 118,346,207 S 1,139,042,602 $ 1,361,488,683 $ 1,128,682,383 $ 1,421,158,506 $
77.848.102 S 378.337,873 S 170,324,827 $ 1,453,956,619 $ 1,627,955.871 $ 1,267,398,161 $ 1,494,770,057 $

1626 S 1303 $ 11.30 $ 9.65 $ 8.35 $ 7.79 $ 6.50 $

1,372.647,166
5,538,384,547
6,911,031,714

8.74

Total loop (1111
Annual Cost NR S 1.478.021.066 S 3.414.429.037 S 639.561.655 S 925.838.615 S 191.127,256 $ 896,104,802 $ 562,972.405 $ 245.141,560 $ 107,537,444 $ 8,460,733,841

R S 715302.691 S 3.743203541 S 1.340.269.381 S 2.621.964.386 $ 731.804.224 S 4,640,381,119 S 3,812,405.152 S 2,379,210,699 S 2,007,722,778 $ 21,992.263,971
lolal S 2.193.323.757 S 7.157632.578 S 1.979.831.037 S 3.547.803,002 S 922.931,480 S 5,536,485,921 S 4,375,377.557 S 2,624,352,259 $ 2,115.260,222 $ 30,452,997,813
UnilCosl/monlh S 8345 S 3093 S 2149 S 17.14 S 14.18 S 12.02 S 10.14 S 9.17 S 7.33 $ 14.58



Hatfield Model release 3.1 II

Nationwide Results - Switching and Signaling
Unit

Annual Cost Units Cost

End office switching NR $ 2,029,707,468
R $ 4,862,369,841
total $ 6,892,077,309

Port NR $ 608,912,240 32,879,994 switched lines
R $ 1,458,710,952 122,910,092
total $ 2,067,623,193 155,790,086 $ 1.11 per line/month

Usage NR $ 1,420,795,228 476,859,166,469 minutes
R $ 3,403,658,888 2,026,236,127,791
total $ 4,824,454,116 2,503,095,294,260 $ 0.0019 per minute

Signaling network elements NR $ 335,033,023
R $ 304,497,516
total $ 639,530,540

links NR $ 116,377,817 38,622 links
R $ 19,587,111 35,629
total $ 135,964,928 74,252 $ 152.59 per link per moo

STP NR $ 189,046,302 410,740,950,585 TCAP+ISUP msgs
R $ 195,599,836 1,837,748,915,564
total $ 384,646,138 2,248,489,866,148 $ 0.0002 per signaling m

SCP NR $ 29,608,904 22,474,811,000 lCAP queries
R $ 89,310,569 98,688,042,600
total $ 118,919,473 121,162,853,600 $ 0.0010 per query



Hatfield Model release 3.1
Nationwide Results - Transport and Tandem Switching

Anooal Cost Units Cost
TrIfISport llItworllllements
DedIcIted
Sw+Sp Transport NR S 1,289.654,406 3.746.942 trunks

R S 584.992.780 19.725.409
total S 1.874,647.186 23.472,351 S 6.66 per 05-0 equivalent per month

Switched NR S 429.887.567 1,246.901 trunks per minute
R S 141.316.699 3.955.349
total S 571,204.266 5.202.250

Speclll NR S 859.766,838 2.500.041 trunks
R S 443,676.081 15.770.060
total S 1.303.442,920 18.270,101

TrIIlIllIlslIon Termlllli NR S 248,976,391 3.746,942 trunks
R S 784.736.199 19,725.409
Iotal S 1.033.712,590 23.472.351 S 3.67 per 05-0 eqlivalenl per month

per minute
total per minute

Common
TrIfIsport NR S 235,904,107 42.182,208.601 minutes

R S 75.040,579 146.508.359.197
total S 310.944.686 188.690.567.798 S 0.0016 per minute per leg (orig or tennl

Trinsmiliion Tennlllli NR S 25.881.553 42.182.208.601 minutes
R S 35.432.869 146.508,359,197
total S 61.314,423 188.690.567,798 S 0.0003 per minute

S 0.0020 total per minute
Direct
Trllllport NR S 536.054.365 100.252.389,042 minutes

R S 253,488.293 500.546,623,377
total S 789.542.658 600.799.012.418 S 0.0013 per minute

TrIfIsmilllon Termlllll NR S 62,956.287 100.252.389.042 minutes
R S 131.219.818 500.546.623.377
total S 194.176.104 600,799.012.418 S 0.0003 per minute

S 0.0016 total per minute
Tlndem switch NR S 137.209.623 36.573.938.848 minutes

R S 171.915.092 123.159.857.128
total S 309.124,715 159,733.795.976 S 0.0019 per minute

..~
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Hatfield Model release 3.1
Sample USF results - GTE Florida

Basic Local Service· monthly cost per line Florida
Gte Florida, Inc.

V-lI 1I - lVV lVV· ZVV zvv· tillV tillO • llliV lIlM1 - ~,l'OU Z,lIl1V - lI,VVV l',UUV - lV,UUV ~ lV,UUV "'"gmea
IInnlsq ml IIn,,/sq ml IIn,,/sq ml IIn,,'sq ml IIn../sq ml IInnlsq ml IIn,,'sq ml IInnlsq ml IInnlsq ml Averllge

",erworl( cosrs

loop S 72 18 S 2909 S 2132 S 18.59 S 16.46 S 12.66 S 10.49 S 8.25 S 6.14 S 14.11
Port 098 098 098 098 098 0.98 0.98 0.98 0.98 0.98
End office usage 1.37 137 137 1.37 1.37 1.37 1.37 1.37 1.37 1.37
Signaling 0.20 020 020 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Transport 011 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11

-. . · · · . · · · .
. - · · · - · · · -
- . · · · - · · · -

Billing/bill inquiries S 1.46 S 1.46 S 1.46 S 1.46 S 1.46 S 1.46 S 1.46 S 1.46 S 1.46 S 1.46
Directory listing 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18
lNP expense (when available) 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

Total monthly cost per line S 76.78 S 33.68 S 25.91 S 23.19 S 21.06 S 17.26 S 15.09 S 12.85 S 10.73 $ 18.70
(assumes lNP available)

wtd by hh
Total switched lines 2,994 102,728 81,208 268,548 65,221 627,712 648,043 152,629 32,192 1,981,275
Total households 2,322 72,412 55,931 182,834 46,281 405,560 412,381 69,665 8,434 1,255,820
Tolal single lille business 49 1,084 1,154 1,601 1,889 4,771 5,434 13,472 15,686 45,140

Annual ~uppon 9
$ 11,888,952$20.00 $ 1,581,983 $ 3.966,764 $ 6,996,515 $ 587,971 0 0 0 0 $ 25,022,185

I I
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Hatfield Model release 3.1
Execution refinements

e Better user interface

e Faster execution on less memory-intensive
computers

e Improved model structure

e Correction of minor bugs in release 2, e.g.,
- Multiple serving area interfaces, where needed

- Multiple conduits to house multiple cables

- Elimination of conduit sharing

I I



Hatfield Model release 3.1
Flowchart

Input Database
CBG demographics,
terrain factors, ARMIS data

T
Distribution Module
Calculates distribution
distances and investment

-+

II

j

Feeder Module
Calculates feeder distances
and investment

+
Switching & Interoffice Module
Calculates switching, signaling, and
interoffice investment

Output Reports
~

Expense Module
1 )1 Calculates cost of capital,

expenses, UNE unit costs,
USF requirements
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Hatfield Model release 3.1
Distribution Network Design Details

e Distribution of CBG empty space to create
"window panes"

e Population clustering into 2 or 4 quadrants
depending on % empty space

e Basic grid structure
- lot depth = 2 x width

- lot size = CBG occupied area / # of customer locations

II
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Hatfield Model release 3.1
Distribution Network Design

Empty
area

Occupied
area
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Hatfield Model release 3.1
Distribution Network Design Details (cont'd)

e Modification to basic grid
- detection and treatment of high-rise buildings

- lot size adjustments to account for multi-dwelling units

- upper (3 acre) and lower (.2 acre) bounds on single-
home lot sizes

- further concentration of population into "towns" for
lower three density zones or CBGs with high % empty
space

I'



Hatfield Model release 3.1
Interoffice Network - Ring Configuration

i I

.J
~

Route distance based on
Wire Center serving area size

.....,

OC-48 Ring OC-48 OC-48 Ring
///.//././/.// //////////

ADM
I

OC-3 OC-3 OC~3

MUX MUX MUX
I I

Digital Cross-Connect System

DS-l
Special Access

EO
MUX Switch(DLC)

. Special Access
(non-DLC)
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Hatfield Model release 3.1
Calculation of Switching Investment

e Smooth curve to fit previous data points

e Separate curve for small independents (shifted
upward)

e Line port fill factor

e Variable feature-loading multiplier, depending on
% business lines in wire center

i I


